SUMMARY A patient is described who had a combination of stimulus-sensitive cortical myoclonus, epilepsia partialis continua, and Jacksonian motor epilepsy. He eventually required surgery because of the severity of his seizures. Electrophysiological recordings made before and during surgery, and PET scans performed before surgery identified an abnormal area of cerebral cortex in the postcentral parietal region. It is suggested that the stimulus-sensitive myoclonus arose because input into this region from peripheral sensory afferents produced an abnormal discharge which was fed forwards via cortico-cortical connections to the precentral motor cortex, to produce a reflex muscle jerk. The epilepsia partialis continua may have been caused by spontaneous discharges arising in the same region of parietal cortex. Both forms of jerking disappeared after resection of this part of the cortex.
Much has been written on the subject of human myoclonus, especially that arising in the cerebral cortex.'
Patients with cortical myoclonus frequently exhibit abnormally large cortical sensory evoked potentials (SEPs) and, with back-averaging techniques, it is often possible to detect a time-locked potential in the electroencephalogram (EEG) over the contralateral sensorimotor cortical area preceding spontaneous jerks. Such neurophysiological investigations usually have had to rely upon SEPs and EEGs recorded from scalp electrodes, which may not provide accurate localisation of the source of abnormality. This report concerns a patient with stimulus-sensitive cortical myoclonus, epilepsia partialis continua, and Jacksonian motor epilepsy, who eventually came to surgery because of the severity of his seizures. This provided a rare opportunity to correlate findings from direct cortical recording with those of scalp EEG, both before and after resection of an area of the post-central parietal cortex identified as the abnormal site. This area was shown to be metabolically abnormal, prior to surgery, by positron emission tomography, even though computed tomographic (CT) Electrophysiological andpositron emission studies in a patient with cortical myoclonus, epilepsiapartialis continua and motor epilepsy The EEG was recorded using I cm diameter silver/silver-chloride disc electrodes. Similar electrodes were placed over the cervical vertebrae, at Erb's point and on the medial aspect of the arm, 10cm above the elbow over the median nerve, for somatosensory evoked potential recording, and 2-3 cm apart over the bellies of muscles studied for EMG activity. The signals were processed and pre-amplified with Devices 3160 pre-amplifiers and were amplified using Devices 3120 amplifiers. Filters were set 3 dB down at 80 Hz (high-pass) and 25 kHz (low-pass) for EMG and shortlatency somatosensory evoked potential recording, and at 0 161Hz (high-pass) and 2 5kHz (low-pass) for EEG and Cowan, Rothwell, Wise, Marsden long-latency somatosensory evoked potential recording. EMG signals were rectified or smoothed, depending on the requirements of individual studies. The resulting signals were stored on paper, on magnetic tape using a Racal tape recorder running at three and three quarter inches per second, or on floppy discs using a DEC PDP-12 computer, running programmes written by Mr HB Morton.
Somatosensory potentials were evoked either by mixed nerve stimulation of the median nerve at the wrist, or by cutaneous nerve stimulation using ring electrodes around the index finger. A Devices 3073 constant voltage stimulator was used. Stimuli were large enough to just cause visible movement of the fingers, when given at the wrist, or to give rise to a solid, but not uncomfortable tapping feeling, when delivered to the fingers (an intensity approximately twice sensory threshold). In both cases, stimuli were timed so as not to coincide with electrocardiographic activity. Because sensation was reduced in the left hand, in order for the stimulus to be appreciated, the shocks applied to the left fingers were of a greater voltage than those applied to the right. Short latency spinal and cortical potentials were evoked by stimuli given at approximately 3 Hz and recorded with a sampling frequency of 5kHz per channel. Long latency somatosensory evoked potentials were evoked at random intervals every 2-3 5 seconds and were recorded with a sampling frequency of 1 kHz per channel. There is some difficulty in labelling the components of the somatosensory evoked potential in patients with grossly abnormal potentials. In this paper, as before,2 the major components were designated by polarity and sequence (N1, P1, N2 etc), to avoid equating any of the myoclonic potentials with those seen in normal individuals (N20, P25/P30, N35).
Stretch reflexes were evoked in the flexor pollicis longus muscle by rapid extension of the interphalangeal joint of the thumb with the other related joints being securely clamped. The patient was asked to exert a small, constant torque of 0-06Nm by flexing the pad of the thumb against a torque motor. Every 2-3 5 seconds, the torque was suddenly increased by a factor of two for 200 ms, or by a factor of four for 50ms (in different studies), and the resulting EMG was recorded from the agonist muscles.
Cutaneous reflexes were studied using ring electrode stimulation of the ring finger at three times sensory threshold. Stimuli were given at 2 Hz, while the patient exerted a constant contraction of his first dorsal interosseous muscle by fanning out the fingers of the hand, according to the technique of Jenner and Stevens.3 The averaged, rectified, EMG response of the first dorsal interosseous muscle to 256 stimuli was obtained.
A ring block of the thumb was produced with 4 ml of 1% plain lignocaine.
Intra-operative electrocorticography was performed using metal ball electrodes on the pial surface. The signals were fed into a conventional EEG machine and selected signals were recorded on magnetic tape for later analysis, using an output from the EEG machine taken after the pre-amplification stage as the input for the tape recorder.
PET scanning
The patient was studied twice pre-operatively with positron emission tomography and the oxygen-15 steady state inhalation technique, to determine regional cerebral blood an interval of less than 30 ms. The frequency of the myoclonus ranged from less than 1 Hz to approximately 5 Hz. At first sight, the activation of the individual muscle groups in each jerk appeared to be approximately synchronous. However, closer examination showed that there was a slight "jitter" of about 4 ms between the onset of activity in the first dorsal interosseous and the other muscles. Because of this, the intrinsic hand muscles were sometimes activated before the forearm muscles and sometimes after. Back-averaging the EEG activity preceding spontaneous jerks revealed a positive-negative wave, the positive peak of which preceded the onset of EMG activity in the first dorsal interosseous muscle by about 20 ms. This positive-negative wave was largest over the somatomotor hand area of the right hemisphere where it measured 17 pV (fig 3) .
Myoclonic jerks could also be provoked by electrical stimuli of the cutaneous nerve of the forefinger, or by mixed nerve stimulation of the median nerve at the wrist, in the left arm. The same stimuli also evoked large potentials over the right hemisphere. Figure 4 shows the EMG and EEG responses to electrical stimuli applied to the forefinger. Stimulation of the left forefinger produced a reflex jerk in the left evoked potential following right hand stimulation was unchanged compared with records made before the operation. The opportunity was also taken to investigate the effect of the removal of a well defined region of the parietal cortex on two groups of long-latency reflexes, postulated by some authors to involve transcortical pathways. When the right flexor pollicis longus muscle was stretched, normal spinal and long-latency reflexes were seen in the EMG (fig8A). However, when the same stimulus was applied to the corresponding left sided muscle, no long-latency response could be seen. The short-latency response on the left was now twice its pre-operative size (fig6) and was twice the size of the normal short-latency response in the right arm.
Cutaneous reflexes were studied in the first dorsal interosseous muscle, following stimulation of the index finger. The responses on the right were normal and consisted of a small short-latency El phase followed by the long-latency I1 and E2 responses.3
However, on the left, only the El response could be seen, the II and E2 responses being absent ( fig 8B) . It should be recalled that such stimulation had produced a gross myoclonic jerk on the left side before operation.
Electrophysiological andpositron emission studies in a patient with cortical myoclonus, epilepsia partialis continua and motor epilepsy 803 O93 It is evident that the right parietal region had much lower rCMR02 at the times of the second study. For technical reasons, it was not possible to record the EEG during the PET studies, but it is tempting to conclude that the right parietal cortex was electrically less active during the second study; clinically, occasional jerks of the digits of the left hand occurred during both studies.
The first study included a transaxial plane at the level of the cerebellar hemispheres. rCMR02 and rCBF of the cerebellum (1-7 ml/100 mI/min and 25 ml/lOOml/min, respectively) were less than half the normal values determined at the MRC Cyclotron Unit. There was no functional asymmetry between the two cerebellar hemispheres. Electrophysiological andpositron emission studies in a patient with cortical myoclonus, epilepsia partialis continua and motor epilepsy 805 Figure 9 shows grey-scaled functional images obtained from the second study at 7cm above the OM line. As well as CMRO2, CBF and OER, transaxial images of CMRGlu, fractional extraction of glucose (GER) and the CMRO2:CMRGlu ratio are depicted. The low rCMRO2, high rCBF and low rOER in the right anterior parietal region are evident. As calculated, rCMRGlu was a little higher in the right parietal region than the left (6-6ml/l00ml/min and 6-3ml/lOOml/min, respectively), but rGER and rMR were lower. rMR in the right parietal lobe was one third that in the mirror region. Discussion
I1 I
The case reported here is a rare example of a patient with cutaneous and stretch reflex myoclonus of the left arm; regular, repetitive, continual, spontaneous myoclonus (epilepsia partialis continua); single partial seizures; and repeated partial seizures which required to be treated as status epilepticus.
There were a number of neurophysiological similarities between the epilepsia partialis continua and the cortical reflex myoclonus which suggest that both forms of jerking were manifestations of the same underlying deficit. Thus, the muscles involved, the duration of the EMG jerks and the presence of a large, contralateral, positive-negative potential in the EEG some 20 ms prior to the EMG burst were similar whether the jerks occurred spontaneously or whether they were evoked by somatosensory stimuli. Indeed, both forms of jerking disappeared after resection of the same area of the cortex. As in other cases,' the N1 phase of the SEP was normal on the affected side of this patient, whilst later waves (Pl-N2) were enlarged. The NI phase probably corresponds to the N20 potential seen in normal subjects, which represents arrival of the afferent volley at the cortex. If this is so, then the large later wave may represent abnormal cortical processing of normal afferent inputs.
Although indicating the diversity of pathology that can give rise to the condition, previous reports of epilepsia partialis continua have tended to emphasise that an abnormality of the motor cortex is responsible for the disorder (see Thomas etal9 for references). Thomas et al discussed whether or not cortical or subcortical mechanisms are responsible for epilepsia partialis continua. They presented 32 cases of their own, including eight that had been examined after death and stated, "Autopsy findings in eight cases showed consistent involvement of the motor cortex or closely adjacent areas." They also marshalled other evidence in order to show that it was a motor cortical abnormality that had been responsible for the jerkings, in their patients, no matter where the pathologic lesion had been found. However, it has been argued before' 2 that areas of cortex other than the motor strip may be abnormal in patients with cortical myoclonus or epilepsia partialis continua.
Although the large, contralateral spike, which precedes cortical myoclonic jerks in the majority of patients, is most easily explained as the surface recording of a large paroxysmal depolarisation shift in motor cortical output cells, discharge of which is directly responsible for the myoclonic jerks, this may not always be true. Such potentials may be localised some centimetres anterior or posterior to the motor cortex,'0 and the size of the giant SEPs may be dissociated from the size of the myoclonic jerk.2 Intraoperative monitoring revealed the state of affairs in the present patient. The abnormal area of cortex lay posterior to the central sulcus and it was from this region that large SEPs could be recorded. The same region also gave rise to spontaneous spike discharges. However, the site of maximal spontaneous spike recording (electrode no 7, fig 1) was different from the site which giant somatosensory potentials could be evoked (electrode no 6). Both sites, however, were in the right parietal lobe and were within a few centimetres of each other. Perhaps the whole region was electrically unstable and this instability caused one area to respond in an exaggerated, but limited manner when receiving stimuli from its usual input pathway, whereas the other area was even more excitable and so tended to discharge either spontaneously, or else in response to otherwise undetectable stimuli. The resulting abnormal parietal cortical activity, via cortico-cortical connections between pre-and postcentral areas of cortex, may well have "driven" a physiologically normal motor cortex to discharge, and so produce visible muscle jerks. In this way, both reflex and spontaneous myoclonus could be explained." 12 Furthermore, spread of the spontaneous discharges within the abnormal parietal lobe could have fed forwards to a progressively larger area of the motor cortex, and so caused the patient's Jacksonian seizures. However, after surgery this patient's reflex myoclonus and epilepsia partialis continua disappeared, but his Jacksonian seizures persisted. Perhaps the latter continued because the area of persistent spiking in precentral cortex, demonstrated at electrocorticography, was not removed.
Surgery for epilepsia partialis continua has been reported previously.9 II However, it has been frontal cortex that has been removed and this, of course, has caused the myoclonus to cease, if for no other reason than that the area resected included the cortical area responsible for the production of the clinically observed abnormality, whether or not that area was in itself abnormal. Interestingly, Thomas et a19 found surgery to be unsuccessful in controlling the epilepsia partialis continua in several of their patients and per-
